It is expected that contacting NGS will not accelerate the aging rate of polymers and elastomers under radiation and heat. This is due to the minimal interaction between NGS and the polymers and the confined geometries for these polymers.
SRNL recommends the use of the HSP method (for screening) and some testing to evaluate the impact of other organic such as alcohols, glycolate, and their byproducts on the polymers used throughout the site. 
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Introduction
The MCU has processed more than two million gallons of supernate waste since 2008. 1 Operations have proven successful thanks to the resilience, reliability, and repeatable performance of the CSSX process. Researchers at the Oak Ridge National Laboratory (ORNL), Savannah River National Laboratory (SRNL), and Argonne National Laboratory have been developing a NGS (or "improved solvent") and stripping solution that improves both cesium extraction from supernate and stripping from the current solvent. The development took into consideration lessons learned from years of MCU operation.
In 2010, laboratory scale testing of the NGS demonstrated excellent achievement of performance goals. 2 ,3 Those encouraging results are the basis for larger scale tests currently being conducted at SRNL. Performance verification tests examined mass transfer, hydraulic behavior (such as pumping, phase disengagement, phase carryover), and solvent coalescing. The results from the scale-up test will aid in validating the laboratory scale results as a forecaster for final deployment of the NGS at MCU or the Salt Waste Processing Facility.
To fully implement the NGS at the MCU, additional knowledge is needed on the chemical and physical compatibility of the NGS with the non-metallic components currently used in the MCU and related downstream facilities. These non-metallic components serve a crucial role in sealing and isolating the solvent and solutions from the environment while allowing the flexibility for removing, replacing, and maintaining the different metallic components such as valves and flanges at MCU. When the existing solvent is replaced with the NGS in the MCU process, existing non-metallic components will experience a slightly different chemical environment that could lead to a shorter lifetime (possible leaks or binding due to swelling) or duty cycle, or absorption of a key component like the extractant MaxCalix
For instance, amines are known to degrade the performance of certain polymers (for example polycarbonate swells with liquid amines) and the new suppressor in the NGS, a derivative of guanidine (TiDG), may be more reactive in this regard than the trioctylamine (TOA) in the current CSSX solvent formulation.
 To understand if the chemistry change will affect the non-metallic components (and to what extent) in MCU, DWPF, and Saltstone facilities, this report used Hansen's correlations for solubility of organic liquids into polymer to make a comparative determination. This is a well-documented method for evaluating the potential for interaction between an organic liquid and a polymer surface. 4 A previous report on compatibility issues with polymers used at MCU did not include the polymers used in DWPF or Saltstone. 5 Therefore, SRNL was requested to evaluate the impacts via HLE-TTR-2012-010 Revision 1. The effort is described in SRNL-RP-2012-00842, "TTQAP for Cesium Mass Transfer Test w/ NGS & Miscellaneous White Papers".
Experimental
A previous report investigated the miscibility of the polymers currently used at MCU with NGS-DCiDG. 6 Those polymers are listed in Table 2 -1. DCiDG contains the guanidine molecular group and it serves as a baseline comparison for TiDG. The polymers investigated in this report are listed in Table 2 -2 and Appendix A. The extraction solvent composition used in the contact test is listed in Table 2 -3. Fillers, activators, accelerators, ozone protectors, inhibitors, and other ingredients commonly used with rubbers and polymers are listed in Appendix B. These are not necessarily inclusive of the ingredients used in any of the specific polymers used in SRS facilities.
 The extractant, MaxCalix, stands for 1,3-alt-25,27-Bis(3,7-dimethyloctyloxy)calix [4] arenebenzocrown-6  The suppressor is a derivitized guanidine, N, N'-cyclohexyl, N''-isotridecyl guanidine. When contacting a multicomponent liquid with a polymer, the general observation is that one or two components penetrate the polymer if there is positive interaction. Positive interaction (mixing, blending, and swelling) is usually observed when "like contacts like." Similarly, when a liquid contacts a multicomponent polymer, the low molecular weight component of the polymer may leach if there is positive interaction with the solvent. Since it is very difficult to speak of molecules of similar chemistry interacting or attracting each other in quantifiable way, a correlation method, Hansen's correlation method, was used to quantify the interaction between molecules.
The Hansen's correlation method 7 takes the Hilderbrand's solubility parameter (obtained from the cohesive energy or enthalpy of vaporization) and breaks it down into three components that include dispersion (to account for the dispersion force of a molecule or  d ), dipole (to account for polarity or  p ), and hydrogen bonding (or  H ). These three components have been calculated from experimental data and the parameters are available for computing interactions between materials. These Hansen solubility parameters (HSPs) are shown in Table 2 -4. In Table 2 -4, the parameter "radius" stands for the value that determines if the solubility difference between a polymer and a solvent is significant (attractive). For a mixture of components (either a blend or a compound formulation), the solubility due to dispersion is given by the sum of the volume fraction weighted solubility of each component due to dispersion as shown in Equation 1. When these parameters are not available as in the case of the suppressors considered here, there is a "group contribution" theory 8 that counts the contribution from each molecular group in a new molecule. This was done for the three suppressors evaluated in this report. Their calculated solubility parameters are shown in Table 2 -5. The miscibility between an organic liquid and a polymer was calculated using Eq. 2. The distance or difference between the solubility parameters for each polymer (listed in Table 2 -4) and from the suppressors (listed in Table 2 -5) was calculated.
Equation 2
Equation 2 is basically the distance between the solubility vectors of the polymer and suppressor as shown in Fig. 2-1 . The ratio between the "Ra" number (defined in Eq. 2) and the "interaction radius" listed in Table 2-4 gives an indication of the interaction strength between the solvent (suppressor) and a given polymer. When this ratio is less than one, the polymer and the suppressor are considered miscible. When this ratio is greater than one, they are immiscible.
The degree of polymer swelling with a given solvent (a measure of miscibility) was determined using the empirical observation that swelling follows a Gaussian function around the solubility parameters of the solvent that interacts with the polymer.
Equation 3
In Eq. 3, the term "swell maximum " is the maximum the polymer swells in a solvent with the same solubility parameters as the polymer and V solvent stands for the solvent's molar volume.
For a rubber material, the Flory-Renner equation as shown in Equation 4 was used to compute equilibrium swelling.
In Eq. 4,  rubber stands for the volume fraction of rubber in a rubber swollen with solvent,  stands for the density (in gmole/cm 3 ) of the rubber, Mw crosslinks stands for the average molecular weight between crosslinks (usually varies from 4,000 to 10,000 gmole/cm 3 ), and  stands for the Flory-Huggins interaction coefficient [given as ( solvent - rubber ) 2 * V solvent /RT + 0.38].
Some polymers such as Teflon PTFE or UHMWPE are typically very "pure" with little to no additives present. However, many commercial polymers are often composed of several ingredients that include fillers, pigments, plasticizers, anti-wetting agents, antioxidant, fire suppressors and other additives (see Appendix B). Some of these may have leached from the surface of polymers deployed at SRS due to aging and radiation exposure. Inorganic fillers are expected to be resistant to the current CSSX and NGS solvents but their interphase with a polymer may provide a pathway for the current CSSX and NGS solvent to permeate inside polymers, rubbers, and thermosets. Thus, the chemical interaction between homopolymers, copolymers, and terpolymers with NGS needs further examination since polymers that have similar dispersion, dipolar, and hydrogen bonding forces as NGS may absorb it.
Results and Discussion
Suppressors A recent report 5 evaluated the miscibility between polymers used at MCU and the NGS-LIX79 with the current CSSX solvent as a baseline. Dimensional measurements showed that polymers such as PEEK, Grafoil ® , Tefzel ® and Isolast ® were not significantly affected by contacting the improved solvent (containing LIX79 and MaxCalix) and that the observed changes were statistically consistent with similar changes observed with CSSX solvent. In that study PVC leached bis-hexylethyl phthalate into both solvents (NGS-LIX79 and CSSX) and it was recommended to avoid contact with PVC. The same effect is expected to occur when NGS contacts PVC. No leaching was observed, however, when the improved solvent contacted CPVC (surface chlorinated PVC). Therefore, there should be no plasticizer leaching from CPVC when it contacts NGS. Of the components that make up the organic solvent, the suppressor with its relatively low molecular weight (relative to the other solvent components) and polarity is the most likely to interact, permeate, and swell the engineering polymers used at DWPF and Saltstone. The solubility parameter of LIX79 (16.93) is similar to that of TiDG (18.79). Therefore, TiDG should have negligible interaction with the polymers used at MCU. The question relates to TiDG interaction with the polymers used at DWPF and Saltstone.
Using HSP for the polymers listed in Table 2 -3 (and other polymers for comparison) and the calculated solubility parameters for the suppressors, an immiscibility index was calculated between these groups. The results of that miscibility calculation are shown in Figure 3 
TiDG
Looking at Fig. 3-1 , the miscibility index (RED < 1) indicates that TOA may interact with EP, SBR, BR, EPDM, PVC, and PP. The interaction is expected to be the strongest with EP copolymer. There are likely fewer EP (or EPR) components in the facilities than EPDM as EPDM is more commonly used in sealing applications. The large dispersion force and the smaller hydrogen bonding force in TOA enable it to interact with rubbers and some thermosets. This finding is consistent with data published of some of these polymers in Ref. 6 where some swelling was observed but if the swelling has occurred in service, material performance has not been impacted in the four years that MCU has been operating since 2008 where no report of polymer degradation has been made (except for some valve seat problems with the Isolok samplers containing molded UHMWPE seat). A certain degree of swelling or surface modification is generally tolerable in many polymer applications particularly in static configurations.
A similar set of polymers are also expected to interact with LIX79. When looking at Fig. 3-2 , the same set of polymers that interacted with TOA is also expected to interact with LIX79 in addition to PS and PMMA. This is driven by the more polar nature of LIX79 despite being larger than TOA. The solubility parameter of LIX79 (18.79) is similar to that of TOA (16.45). Therefore, both suppressors should have similar interaction with the polymers.
A similar conclusion is reached when viewing the data in Figure 3 -3. SBR and EPDM will interact with the suppressor TiDG. The suppressor TiDG has a similar solubility as LIX79. Thus, a similar interaction with the same set of polymers observed with LIX79 is expected.
Given the interaction between the suppressors and some of the elastomer and thermoplastics, the next step is to estimate the degree of swelling that may occur when the suppressor contact these polymers. Figure 3 -4 shows the percent swelling from the maximum swelling a polymer can attain in a given solvent. In this figure, the suppressors are treated as solvent relative to the polymers. As can be seen from Fig. 3-4 , it appears that rubbers like BR, SBR, and NR swelled up to 20% of their maximum swelling regardless of the solvent. Similarly, polymers like PS, PP, PPS, HDPE, and EP swelled moderately (< 35%) relative to their maximum swelling. Overall, if these polymers are physically constrained, this will limit the amount of polymer exposed, thus minimizing the impact.
A relatively strong attractive interaction is predicted between PTFE CR L80 and TOA. PTFE CR is an specially treated PTFE containing additive that increases the wetting between PTFE and the material piece (tube or electrical cord) that it encases. The PTFE contains a small amount of dispersed additive that under ion impact from a corona discharge the additive melt (does not decompose) and provides a film over the surface of PTFE that it is being ion bombarded. The additive gives PTFE CR a self-healing capability. This calculation indicates that TOA can possibly leach out this additive since there is no interaction with PTFE itself. Expect the low molecular weight components of IsoparL to attractively interact with PTFE CR. Please note the polymer is used as cable insulation and it is not expected to contact solvent at MCU. There are other factors that affect swelling of polymers that include crosslink density, crystallinity, and molecular weight. High percentage or concentration or quantities of these structural or chemical parameters reduce the impact of the suppressors. Furthermore, the sorption kinetics of the suppressor will be significantly impeded by the size of these suppressors. TOA has a molar size of 434 cm 3 /mol while LIX79 and TiDG have 402 and 518 cm 3 /mol, respectively. In addition, the suppressor geometry (a comb like structure) is not ideal for solvent reptation inside the polymer. Thus, sorption and diffusion will be very slow for the new suppressors. And once the suppressor is inside a rubber material, it must have the sufficient energy to break the intermolecular bonds (or C-S-C or sulfur bonds for example) for maximum mixing and interaction. In the case of hydrogen bonded materials like Kevlar ® aromatic polyamide (see Fig. 3-6 ), the suppressor must overcome the strong intermolecular hydrogen bonding between the aramid fibers and break the crystallinity of these fibers. This is a very slow process if not unlikely. the leaching extent and leaching rate will be minimal. If current performance has been acceptable, this material should still perform adequately.
Since polymeric components are often used in confined spaces (such as O-rings or gaskets within grooves or between flanges), the expected infiltration, swollen, gel, and liquid layers that typically form in a polymer attacked by a suitable solvent may not be possible or should at least be minimized. In the case of a gasket between flanges, only the inner edges will likely be exposed, minimizing degradation rate and solvent effects (material release into the process aside). Therefore, with the exception of Vellumoid, the new suppressor (TiDG) is not expected to significantly affect or impact the polymers known to be used in DWPF and Saltstone facilities.
In Saltstone, the concentration of NGS in the grout and in the bleedwater is expected to be small. Therefore, the potential for and magnitude of effects on polymers specifically used in the Saltstone process (such as polypropylene sheet drain fabric or thermosetting linings linings used in the Saltstone Disposal Units or SDUs) are expected to be low. Mostly, the low free volume and polarity of thermoset polymers limits the adsorption capability of NGS.
MaxCalix
Another component of the improved solvent that can interact with the polymers studied here is MaxCalix. Figure 3 -7 shows the RED interaction values between MaxCalix and the polymers investigated. As can be seen from Fig. 3-7 , the RED numbers are much larger than the value of one. Thus, it is expected that no significant interaction will occur between MaxCalix and the existing polymers used at DWPF, Saltstone, and MCU. BOBcalix is slightly smaller than MaxCalix (302 versus 364cm 3 /mol) but it has a larger solubility parameter (61.9 versus 46.1 MPa 1/2 ). Thus, BOBCalix is expected to have no significant interactions with the polymers studied here. IsoparL is composed of branched and linear hydrocarbons atoms ranging from 10 to 14 carbon atoms. The miscibility impact of IsoparL is bounded by the chemical activity of its lower molecular weight component such as decane (C 10 H 23 ). Decane is typically used as a plasticizer for commercial polymer (often a diluent for tributyl phosphate). The computed RED interaction values for decane are shown in Figure 3-8 . Figure 3-8 shows an attractive interaction with polypropylene, ethylene-propylene, ethylenepropylene-diene, butadiene, and styrene-butadiene rubber. These polymers have a high dispersion force comparable to that of decane. The expected swelling for the polypropylene and ethylene containing polymers is below 10% of the maximum swelling these polymers can experience. Fig. 3-9 shows an attractive interaction between polymers containing ethylene and propylene molecular units and decane. 
Radiation and Temperature Effects
During service, these polymers will receive alpha, beta, and gamma irradiation. The most penetrating, prevalent, and harmful of these is gamma irradiation. Polymer exposure to gamma irradiation leads to radical formation that attacks and unzips the backbone of polymer chains. In rubber, an increase in crosslinked density can lead to embrittleness as well as the formation of cyclic compounds is often observed. Please note that different effects may observed at different dose rates for example, different rates of chain scission versus crosslinking. Gamma radiation tends to increase the dipolar and hydrogen bonging forces of polymers with the introduction of oxygen-containing species into the polymer. Since these polymers and elastomers have negligible interaction with the NGS, they will age at the same rate under gamma irradiation (at the same dose) as if there were not in contact with NGS. The extent of polymer damage needed to change the polymer solubility to interact with NGS is significantly large and at that point the polymer will unlikely be unable to perform its function regardless.
Increasing temperature is known to increase miscibility and permeability of organic liquids into polymers. The effect of temperature on the HSP of polymers and elastomers is via their thermal expansion coefficient as shown in Eq. 5, Eq. 6, and Eq. 7 where temperature is given in C. 
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1.22 3 0.5 Equation 7 The thermal expansion of polymers and elastomers ranges from 30 to 300 E-6 mm/mm/C. Using the highest number (characteristic of elastomers) and 10 C temperature change (from 25C to 35C) , the fractional changes of the HSP parameters are -0.0038, -0.0015, and -0.01 for the dispersion, dipolar, and hydrogen bonding solubility parameters. These changes are miniscule against the values listed in Table  2 -4 and they will not change the conclusions made at room temperature.
Conclusions
An assessment of the dimensional stability of polymers present in MCU, DWPF, and Saltstone facilities (i.e. Grafoil ® , Tefzel ® , Isolast ® , EPDM, NBR, SBR, UHMWPE, and FKM) in the NGS showed that TiDG could selectively affect NBR but the use of this particular elastomer in a confined geometry will likely prevent the NGS from significantly affecting performance. Some degree of swelling is usually acceptable in most components, depending on function. Other polymers like NBR and EPDM were found to interact mildly with NGS but their calculated swelling and the confined geometry will minimize interaction with NGS. Please note that the degree of swelling likely to occur will depend on polymer type as well as the nature of exposure (surface area, confined geometry, etc.). The same polymer might be affected differently in two different applications, even if exposed to the same solvent. In both cases, the polymer will likely maintain functionality. Some applications have zero tolerance for dimensional changes such as the operation of valves while other applications a finite dimensional change improves the function of the application such as seals and gaskets. Additional considerations are required before using the conclusions from this work to judge outcomes in field applications.
Decane, a component of IsoparL that is most likely to interact with the polymers, mildly interacted with the elastomers and the propylene based polymers but their degree of swelling is at most 10% and the confined geometry that they are typically placed in indicate this is not significant. In addition, it was found that Vellumoid may leach protein into the NGS solvent. Since Vellumoid is used at the mixer in Saltstone where it sees minimum quantities of solvent, this leaching has no effect on the extraction process at MCU or the immobilization process at Saltstone.
No significant interaction is expected between MaxCalix and the polymers and elastomers used at MCU, DWPF, and Saltstone. Overall, minimal and insignificant interactions are expected on extraction and immobilization operations when MCU switches from CSSX to NGS solvent.
It was found that contacting NGS, the polymers and elastomers will age at the same rate under radiation or heat as if there was not solvent at all. No synergistic effects are anticipated.
SRNL recommends the use the HSP method to screen and evaluate the impact of other organics such as alcohols, glycolate, and their byproducts on the polymers used throughout the site. Testing is also recommended whenever is possible to validate the use of this method, as the interactions between as processed, end-use polymer components and various organic compounds may not be accurately predicted by the use of solubility parameters alones.
